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ABSTRACT
Detached eclipsing binaries are remarkable systems to provide accurate funda-
mental stellar parameters. The fundamental stellar parameters and the metallicity
values of stellar systems are needed to deeply understand the stellar evolution and
formation. In this study, we focus on the detailed spectroscopic and photometric stud-
ies of three detached eclipsing binary systems, V372And, V2080Cyg, and CFLyn to
obtain their accurate stellar, atmospheric parameters, and chemical compositions. An
analysis of light and radial velocity curves was carried out to derive the orbital and
stellar parameters. The disentangled spectra of component stars were obtained for the
spectroscopic analysis. Final Teff , log g, ξ, v sin i parameters and the element abun-
dances of component stars were derived by using the spectrum synthesis method. The
fundamental stellar parameters were determined with a high certainty for V372And,
V2080Cyg (∼1− 2%) and with an accuracy for CFLyn (∼2− 6%). The evolutionary
status of the systems was examined and their ages were obtained. It was found that
the component stars of V2080Cyg have similar iron abundance which is slightly lower
than solar iron abundance. Additionally, we showed that the primary component of
CFLyn exhibits a non-spherical shape with its 80% Roche lobe filling factor. It could
be estimated that CFLyn will start its first Roche overflow in the next 0.02Gyr.
Key words: stars: general – stars: abundances – binaries: eclipsing – stars: atmo-
spheres – stars: fundamental parameters
1 INTRODUCTION
Eclipsing binary stars are one of the most important sources
for astrophysics to understand the evolution and the forma-
tion of stars. They are valuable variables which may supply
the fundamental stellar parameters (e.g. mass and radius)
with an accuracy of about 1% (Lacy et al. 2015; Southworth
2013). The orbital parameters of an eclipsing binary system
can be obtained by the analysis of radial velocity curve. The
orbital inclination and the radii of component stars accord-
ing to the orbital semi-major axis can only be determined by
the light curve analysis of eclipsing binary systems. There-
fore, a simultaneous analysis of the high-quality radial veloc-
ity and light curves is essential for deriving the fundamental
stellar parameters from eclipsing binary stars. Precise fun-
damental stellar parameters offer us a possibility to inves-
tigate the stellar evolution in detail and to test the present
evolutionary models.
⋆ E-mail: filizkahraman01@gmail.com
In a theoretical evolutionary model of a star, mass is
a basic parameter. In addition to this parameter, metal-
licity has also a significant effect on the evolution. There-
fore, to calculate an accurate theoretical evolutionary model,
it is necessary to obtain a precise value of both mass and
metallicity. In the case of double-lined eclipsing binary stars,
masses of component stars can be derived from the analy-
sis of light and radial velocity curves, whereas the accurate
metallicity parameter can be determined from the spectro-
scopic analysis of individual spectra of component stars. For
this purpose, the spectral disentangling method was devel-
oped (Simon & Sturm 1994). This method has been applied
by several authors (Pavlovski, Southworth, & Tamajo 2018;
Dervis¸ogˇlu et al. 2018; Soydugan et al. 2015, e.g.) to obtain
the individual spectra of component stars in double-lined
eclipsing binaries. By performing this method, the metal-
licity value, as well as the atmospheric parameters of each
component star can be derived separately.
The most recent eclipsing binary catalogue was pub-
lished by Avvakumova, Malkov, & Kniazev (2013). The cat-
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alogue consists of 7200 stars including detached, semi-
detached and contact binaries. A catalogue for detached
double-lined eclipsing binary stars was given by Eker et al.
(2014). In this catalogue, they presented the range of effec-
tive temperature (Teff), mass (M), and radius (R) of those
eclipsing binaries and showed that for these binaries the ac-
curacy of M and R measurements changes from 1% to 5%.
Additionally, they pointed out the missing sample of giant
and supergiant component stars inside their catalogue. The
other catalogue of detached eclipsing binaries is “DEBcat:
catalogue of the physical properties of well-studied eclips-
ing binaries”1 (Southworth 2015). This catalogue has been
available since 2006 and it is a continuation of the list given
by Andersen (1991). The catalogue contains precise funda-
mental stellar parameters (M , R), surface gravity (log g),
Teff , luminosity (L), and metallicity values of detached sys-
tems. The DEBcat is always updated when a new precise
measurement of detached eclipsing binaries is presented in
the literature.
To improve the stellar evolutionary models and exam-
ine the star formation in detail, the double-lined eclipsing
binaries, in particular, the detached ones, are very valuable.
Therefore, in this study, we focus on an extensive spectro-
scopic and photometric analysis of three detached eclips-
ing binary stars, V2080Cyg, V372And, and CF Lyn. As
these systems have enough archival data, they were were
selected for this study. All systems were first classified to
be variable stars by the Hipparcos (ESA 1997). V2080Cyg
(HIP95611) has a spectral type of F4V+F4V (Eker et al.
2014). The first detail study of V2080Cyg was published
by Ibanogˇlu et al. (2008). In this study, they presented a
radial velocity and light curve analysis of the binary sys-
tem and classified it as a double-lined detached eclipsing
binary. They also examined the pulsation variability in the
component stars, however, no pulsation feature was found.
V372And (HIP 9740) is classified as a main-sequence de-
tached system in the catalogue of eclipsing binary variables
(Avvakumova, Malkov, & Kniazev 2013). The star has no
detailed analysis in the literature. CFLyn (HIP37748) is
also classified as a detached eclipsing binary system with a
spectral type of F8 in the same eclipsing binary stars cat-
alogue (Avvakumova, Malkov, & Kniazev 2013). The first
light curve analysis of CFLyn was presented by Zasche
(2017). No spectroscopic analysis is available for this star.
To derive the fundamental stellar (M , R), atmospheric
parameters (Teff , log g and microturbulence velocity ξ) and
the metallicity of all component stars, we carried out an ex-
tensive analysis of the selected eclipsing binary systems. We
give the information about the used photometric and spec-
troscopic data in Sect. 2. The detailed spectroscopic analysis
including the radial velocity, spectral disentangling and the
determination of atmospheric parameters is introduced in
Sect. 3. The light curve analysis of the systems is presented
in Sect. 4. The investigation of evolutionary status of the
detached eclipsing binaries and an argument about the de-
rived parameters are given in Sect. 5. The conclusions are
presented in Sect. 6.
1 http://www.astro.keele.ac.uk/jkt/debcat/
Table 1. Information for the selected eclipsing binaries.
Name V SuperWASP ELODIE S/N
(mag) Points Spectra Range
V2080 Cyg 7.90 5858 8 20 - 140
V372 And 9.28 2718 10 25 - 80
CF Lyn 10.05 5461 10 20 - 75
2 PHOTOMETRIC AND SPECTROSCOPIC
DATA
Photometric and spectroscopic data of the systems were col-
lected from the public databases of the Super Wide Angle
Search for Planets (SuperWASP) and ELODIE, respectively.
The SuperWASP is a two-site ground-based programme
which aims to discover exoplanets by transit method
(Pollacco et al. 2006). The SuperWASP observations have
been carried out by the broad-band filters (∼ 4000− 7000 A˚)
since 2006. In addition to exoplanet discoveries, the Super-
WASP has provided data of many variable stars. The se-
lected detached eclipsing binary stars also have the data in
the SuperWASP archive2. The data of the systems are suffi-
cient for planning photometric analysis. All available data in
the database were collected. The scattered points beyond the
3σ level were removed for the following analysis. The avail-
able data points of the systems in the SuperWASP archive
are given in Table 1.
The spectra of the systems were taken from the
ELODIE archive3. The ELODIE is an e´chelle spectrograph
mounted on the 1.93-m telescope in the observatoire de
Haute (France). The spectrograph was used between ∼ 1993
and 2006. It provided spectra with a resolving power of
42000 and in a wavelength range of ∼ 3850 to 6800 A˚. The
ELODIE spectra are reduced automatically by the dedicated
pipeline. In this study, we used the reduced ELODIE spec-
tra of the systems and normalised them by using the contin-
uum task of the NOAO/IRAF4 package. The number of the
available spectra of each binary system and the minimum
and maximum signal-to-noise (S/N) ratios of the spectra
are given in Table 1.
3 SPECTROSCOPIC ANALYSIS
A detailed spectroscopic analysis of the selected systems was
planned to carry out to obtain the orbital parameters, the
fundamental atmospheric parameters, abundances and the
projected rotational velocity (v sin i) values of component
stars in each detached eclipsing binary system. Therefore,
the analysis of the radial velocity, the spectral disentan-
gling, the atmospheric parameters, and the abundance was
performed.
3.1 Radial velocity measurements and analysis
To derive the accurate orbital parameters of eclipsing binary
systems via the radial velocity analysis, the measured ra-
dial velocities of component stars are preferred to be spread
2 https://wasp.cerit-sc.cz/form
3 http://atlas.obs-hp.fr/elodie/
4 http://iraf.noao.edu/
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over the orbital phase. In our study, the used spectra offer
this property. To obtain the radial velocity (vr) measure-
ments of each component star in the binaries, we used the
FXCOR task of the NOAO/IRAF package program. In the
measurements, the radial velocity standard star HD50692
(vr = -15.5 kms
−1, Udry, Mayor, & Queloz 1999) was used
as a template. During the analysis, the spectra having the
lowest S/N ratio in each system were excluded. The obtained
vr measurements are given in TableA1.
We derived the orbital parameters, eccentricity e,
argument of periastron ω, the velocity of the system
mass center Vγ, mass ratio q (Msecondary/Mprimary),
a sin i (a is semi-major axis and i is inclination), and
the amplitude of the vr curve of the star with respect
to the center of mass of the binary K by analysing the
determined vr curves of the systems. In the analysis, we
used the rvfit code5. The rvfit code fits the vr curves
of double-lined, single-lined binaries or exoplanets by using
a minimization method of adaptive simulated annealing
(Iglesias-Marzoa, Lo´pez-Morales, & Jesu´s Are´valo Morales
2015). It is a user-friendly code which automatically fits the
given orbital parameters above, the orbital period P and
also the periastron passage time Tp.
In the vr analysis, the P and Tp parameters of the bi-
naries were kept fixed and they were taken from Kreiner
(2004). In the analysis of V2080Cyg, we also used the pre-
viously obtained vr measurements by Ibanogˇlu et al. (2008).
As a result of the analysis, the orbital parameters were de-
rived and it was found that V2080Cyg and V372And have
a circular orbit, whereas CFLyn has an eccentric orbit with
a value of about 0.03. The uncertainties of the obtained re-
sult were calculated using the Markov Chain Monte Carlo
method. The results are listed in Table 2. The theoretical vr
curves fit to the obtained vr measurements and the differ-
ence between them are shown in Fig. 1.
3.2 Spectral disentangling
For the investigation of the evolutionary status of each com-
ponent star in the selected detached eclipsing binaries, the
metallicity values are needed to be known. However, the
spectra of the systems are composite. Therefore, to ob-
tain the spectra of individual component stars in the bi-
naries, we applied the spectral disentangling method. The
FDBINARY code (Ilijic et al. 2004) was used in the analy-
sis. The FDBINARY disentangles a composite spectrum in the
Fourier space. It is also capable of resolving the third com-
ponent spectrum. To apply the disentangling method via
the FDBINARY first light contributions of component stars
in total should be known. Therefore, we first carried out a
preliminary light curve analysis by assuming the primary
component stars’ Teff values from their spectral type. In
this assumption, the spectral type−Teff relation given by
Gray & Corbally (2009) was used. As a result of this prelim-
inary analysis, we obtained the light contributions of each
component star in total. It turned out that V372And and
CFLyn are two-body systems, while V2080Cyg has a third
component. Approximately, the light contributions of the
primary and secondary components were found to be 77%
5 http://www.cefca.es/people/riglesias/rvfit.html
and 23% for V372And, 94% and 6% for CFLyn. The light
contributions of the primary, secondary and third compo-
nents of V2080Cyg were also obtained about 52%, 40%,
and 8%, respectively. The updated light curve analysis will
be given in Sect. 4.
In the application of the spectral disentangling method,
we used the spectral interval of 4000−5500 A˚. This spectral
interval was divided into ten parts with 100−150 A˚ steps,
and each part was analysed separately. In the analysis, the
spectra having the lowest S/N ratios were not used. The
derived orbital parameters were used as inputs. The values of
P and ω were fixed, while Tp,K1,K2, and e were kept as free
parameters in the analysis. After the disentangled spectra of
each spectral part were obtained, they were re-normalised
considering the light ratio of components obtained from the
initial light curve analysis. In this process, the procedure
given by Ilijic et al. (2004) was used.
As a result of this analysis, a disentangled spectrum
with a higher S/N ratio than the average S/N ratio of
the input spectra can be obtained (Pavlovski & Southworth
2009). The final S/N ratios of the disentangled spectra
of each star were calculated by using the given equation
by Pavlovski & Southworth (2009). The final S/N ratios
for the primary, secondary and the third components of
V2080Cyg were found to be 135, 103 and 21, respectively.
For V372And, those values were calculated as 157 for pri-
mary and 50 for secondary components. The final S/N val-
ues were also obtained to be 140 and 9 for the primary
and secondary components of CFLyn. As can be seen from
the result of S/N ratios, except for the third component
of V2080Cyg and the secondary component of CFLyn, all
disentangled spectra are sufficient for the atmospheric pa-
rameter determination. Additionally, they are good enough
for the abundance analysis. Only the secondary component
of V372And could give results with higher errors because of
its lower S/N ratio.
3.3 Determination of the atmospheric parameters
and the chemical abundances of component
stars
The disentangled spectra of each component star were anal-
ysed to determine the atmospheric parameters and the abun-
dances of the stars. Before the determination of element
abundances, accurate atmospheric parameters should be ob-
tained. Therefore, we first derived the fundamental atmo-
spheric parameters Teff , log g, ξ, and also v sin i values of
each component star.
In this analysis, we used the plane-parallel, hydrostatic,
line-blanketed local thermodynamic equilibrium (LTE) AT-
LAS9 model atmospheres (Kurucz 1993). The theoret-
ical spectra were synthesized with the SYNTHE code
(Kurucz & Avrett 1981).
We first determined the initial Teff values of the com-
ponent stars from the Hβ line analysis. Before starting the
analysis, we checked the normalisation of Hβ lines by com-
paring them with synthetic spectra, as these broad lines are
affected by the e´chelle orders merging. If necessary a re-
c© 2019 RAS, MNRAS 000, 1–??
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Figure 1. The theoretical vr curves fit for the measured vr values (upper panels) and the residuals (O-C) in kms−1(lower panels). The
left, middle and right panels belong to V2080 Cyg, V372 And, and CF Lyn, respectively. The subscripts 1 and 2 represent the primary
and the secondary components, respectively.
Table 2. The results of the radial velocity analysis. The subscripts 1 and 2 represent the primary and the secondary components,
respectively. a shows the fixed parameters.
Parameter V2080 Cyg V372 And CF Lyn
Tp (HJD)a 2452504.186 2452501.191 2452500.070
P (d)a 4.9335660 2.9410200 1.3853720
γ (km/s) 1.07± 0.07 1.96 ± 0.54 1.36 ± 0.73
K1 (km/s) 82.35 ± 0.10 102.43 ± 0.95 93.03 ± 1.15
K2 (km/s) 83.99 ± 0.16 133.72 ± 1.21 158.22 ± 4.68
e 0.000 ± 0.001 0.000 ± 0.004 0.030± 0.009
ω (deg) 90.63 ± 0.07 90.23 ± 0.62 89.09 ± 0.58
a1 sin i (106 km) 5.587 ± 0.007 4.142 ± 0.038 1.771 ± 0.022
a2 sin i (106 km) 5.698 ± 0.011 5.408 ± 0.049 3.013 ± 0.089
a sin i (106 km) 11.285 ± 0.013 9.550 ± 0.062 4.784 ± 0.091
M1 sin3 i (M⊙) 1.188 ± 0.005 2.272 ± 0.048 1.432 ± 0.097
M2 sin3 i (M⊙) 1.165 ± 0.003 1.740 ± 0.035 0.842 ± 0.036
q = M2/M1 0.980 ± 0.002 0.766 ± 0.010 0.588 ± 0.019
Figure 2. Comparison of the theoretical (dashed line) and disentangled Hβ lines (continuous line) of component stars. The subscripts
1 and 2 represent the primary and the secondary components, respectively.
c© 2019 RAS, MNRAS 000, 1–??
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Figure 3. Comparison of the theoretical (dashed lines) and disentangled spectra (continuous lines) of component stars of V2080Cyg
(left panels) and V372And (right panels). The subscripts 1 and 2 represent the primary and the secondary components, respectively. A
similar figure for CFLyn is given in Fig.A1
normalisation process was applied with the continuum task
of the NOAO/IRAF package6.
In the Hβ line analysis, the Teff values were
obtained considering the minimization method
(Catanzaro, Leone, & Dall 2004). During the analysis,
the metallicity and log g parameters were assumed to
be solar and 4.0 cgs, respectively. The resulting Hβ Teff
values were determined taking into account the minimum
difference between the synthetic and observed spectra.
The uncertainties in Teff values were estimated considering
the 1σ change in the difference between the observed and
synthetic spectra and also taking 100K error introduced
by normalisation. The results of the analysis are given
in Table 3. A comparison between the theoretical and
disentangled Hβ lines is shown in Fig. 2.
Final atmospheric parameters were determined based
on the excitation and the ionization equilibrium of iron (Fe)
lines. This is because for the accurate atmospheric param-
eters, the abundance of an element obtained from different
excitation or ionization potential must be the same.
The disentangled spectra of the component stars were
divided into small spectral parts considering the normalisa-
tion level. The line identification of each spectral part was
made by using the Kurucz line list7. In the analysis, we used
the spectrum synthesis method which generates the theo-
retical spectrum until it fits well the observed one. In the
analysis, each spectral part was analysed separately.
Teff and ξ parameters sensitively depend on the
strength of Fe i lines, while they show no significant de-
pendence on Fe ii lines. On the contrary, log g parame-
ter is very sensitive to the strength of Fe ii lines. There-
fore, the Teff values of the component stars were deter-
mined by considering the correlation between Fe i abun-
dance and the excitation potential. Additionally, the ξ pa-
rameters were derived by checking the relation between
the depth of Fe i lines and abundances. The log g values
were also derived relying on the relationship between the
6 http://iraf.noao.edu/
7 kurucz.harvard.edu/linelists.html
Figure 4. Chemical abundances distribution of stars relative to
the solar values (Asplund et al. 2009). The filled circle and dia-
mond symbols represent the primary and the secondary compo-
nents, respectively.
ionization balance and abundances of Fe ii (for more in-
formation see Kahraman Alic¸avus¸ et al. 2016). The v sin i
values were also determined during the analysis. To esti-
mate the errors in the Teff , log g and ξ, we took into ac-
count ∼5% changes in the relationships of the excitation
potential−abundance, the ionization potential−abundance
and the line depth−abundance, respectively. The derived fi-
nal atmospheric parameters and the v sin i values of each
component stars are given in Table 3. The atmospheric pa-
rameters of the second and third components of CFLyn and
V2080Cyg could not be derived because of their low S/N ra-
tio disentangled spectra.
After the accurate atmospheric parameters were de-
rived, we performed the abundance analysis by taking these
c© 2019 RAS, MNRAS 000, 1–??
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Table 3. The Hβ Teff values, the final atmospheric parameters, v sin i and the Fe abundances of the component stars. The subscripts
1 and 2 represent the primary and the secondary components, respectively.
Hβ line Fe lines
Star Teff (K) Teff (K) log g (cgs) ξ (km s
−1) v sin i (km s−1) log ǫ (Fe)
V2080Cyg1 6200± 200 6100± 100 4.0± 0.1 1.8± 0.2 23± 3 6.99± 0.25
V2080Cyg2 6100± 300 6300± 200 4.2± 0.1 2.1± 0.2 22± 3 7.17± 0.29
V372And1 7900± 200 8000± 100 3.9± 0.1 2.4± 0.2 56± 4 7.43± 0.25
V372And2 7800± 300 7800± 200 4.2± 0.2 2.7± 0.3 33± 3 7.72± 0.33
CFLyn1 6200± 300 6600± 200 4.0± 0.1 2.3± 0.3 82± 5 7.44± 0.26
parameters fixed. The abundances were derived by using
the spectrum synthesis method which is more suitable for
the analysis of stars having slow to high v sin i values. The
line-identified spectral parts were analysed separately. The
final element abundances were determined by adjusting the
abundances of individual elements and considering the min-
imum difference between the observed and synthetic spec-
tra. After the analysis of each spectral parts of individual
stars, the average values of the calculated element abun-
dances were obtained. The obtained theoretical spectra fits
for the observed lines of the components of V2080Cyg and
V372And are shown in Fig. 3.
There are a few quantities which affect the uncertainties
of chemical element abundances. The assumption in model
atmosphere calculations, quality of observed spectra (S/N
and resolution), error in determined atmospheric parame-
ters are significant uncertainty sources. To estimate the real
error in the derived chemical abundances, we checked the
uncertainty effects of those sources. It was calculated that
the assumptions (local thermodynamical equilibrium, plane-
parallel geometry, and hydrostatic equilibrium) in model
atmosphere contribute about 0.1 dex error in abundances
(Mashonkina 2011). The quality effect of a spectrum was
examined by Kahraman Alic¸avus¸ et al. (2016). We took the
uncertainty contribution of this effect from this study. Ad-
ditionally, we calculated by how much chemical abundance
is changed with 100K difference in Teff , 0.1 cgs variation
in log g, and 0.1km s−1 in ξ. It turned out that the vari-
ations in Teff and ξ make around 0.08 dex difference in
abundance. The log g error contribution was also found
∼0.05 dex. Those results are similar to the errors found by
Kahraman Alic¸avus¸ et al. (2016). The resulting uncertain-
ties for the elements were calculated considering all error
contributions. The Fe line abundance and a list of the ele-
ment abundances of each component star are given in Ta-
ble 3 and TableA2, respectively. In TableA2, the number of
analysed spectral parts is given in the brackets. As can be
noticed, abundance values for some elements were obtained
from less number of spectral parts. Therefore, it should be
kept in mind that these abundances are not so reliable. The
abundance distributions of component stars relative to solar
abundance are shown in Fig. 4.
As a result of this analysis, we found that the compo-
nents of V2080Cyg show slightly lower Fe abundance com-
paring to solar abundance (Asplund et al. 2009). The pri-
mary component of V2080Cyg has a lower Fe abundance rel-
ative to the secondary component but those Fe abundances
agree with each other within the uncertainties. Additionally,
it turned out that the component stars of V372And and
CFLyn have element abundances similar to solar within the
errors.
4 LIGHT-CURVE SOLUTION
The normalised SuperWASP data of the eclipsing binary
systems was used in the light curve analysis. To obtain
more accurate results the SuperWASP data and the mea-
sured vr values were analysed simultaneously by using
the Wilson−Devinney code (Wilson & Devinney 1971) com-
bined with the Monte Carlo simulation to calculate the
uncertainties of the searched parameters (Zola et al. 2010,
2004). The light curves of the systems are good enough
for this analysis. Only V2080Cyg has a lack of descending
branch in the primary minimum. However, there are enough
data points to fit the primary eclipse.
Final Teff values of the primary components were
fixed during the analysis. The bolometric albedos (Rucin´ski
1969) and the bolometric gravity-darkening coefficients
(von Zeipel 1924) were set to be 1 for radiative atmospheres.
They were also set as 0.5 and 0.32 for convective atmo-
spheres, respectively. The logarithmic limb darkening coef-
ficients were taken from van Hamme (1993) and they were
also fixed during the analysis. Additionally, a synchronous
rotation was assumed. The Teff values of secondary com-
ponents, phase shift (φ), i, q, and fractional luminosities,
dimensionless potentials (Ω) of component stars were set
as free parameters. The derived orbital parameters from vr
analysis were used as input values. During the analysis, a
detached binary configuration was assumed. Additionally,
we set the third light contribution as a free parameter.
Consequently, we determined the final parameters of
the binary systems and a third light contribution was found
for V2080Cyg. Additionally, the astrophysical parameters
of each component star were calculated by the JKTAB-
SDIM code (Southworth, Maxted, & Smalley 2004) which
carefully estimates the uncertainties in the derived funda-
mental parameters. The distances of the binary systems
were also determined by utilizing the distance modulus. To
calculate the distances, the bolometric correction and the
absorption values were taken from Eker et al. (2018) and
Schlafly & Finkbeiner (2011), respectively. Final orbital pa-
rameters and the derived parameters are listed in Table 4.
The theoretical light curves’ fit to the SuperWASP light
curves is demonstrated in Fig. 5.
5 DISCUSSION
5.1 Fundamental properties
As a result of the analysis of the light and radial ve-
locity curves, the fundamental stellar parameters, L and
Mbolometric values of all component stars were obtained. The
accuracy of the M and R values ranges between 1% and
c© 2019 RAS, MNRAS 000, 1–??
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Figure 5. Upper panel: comparison of observed (dots) and theoretical light curves (solid line). Lower panel: residuals.
Table 4. Results of the light curve analysis and the astrophysical parameters. The subscripts 1, 2 and 3 represent the primary, the
secondary, and third components, respectively. a shows the fixed parameters.
Parameter V2080Cyg V372And CFLyn
i (o) 86.009 ± 0.091 86.947 ± 0.209 83.818 ± 0.210
Teff1
a (K) 6100 ± 100 8000 ± 100 6600 ± 200
Teff2 (K) 6210 ± 250 7620 ± 340 5220 ± 260
V γ (km s−1) 1.170 ± 0.321 -2.490 ± 0.003 1.364 ± 0.051
a (R⊙) 16.254 ± 0.019 13.742 ± 0.090 6.912 ± 0.132
e 0a 0a 0.029± 0.003
Ω1 10.339 ± 0.179 5.133 ± 0.017 3.732 ± 0.010
Ω2 11.925 ± 0.242 6.755 ± 0.038 5.686 ± 0.024
Phase shift 0.00001 ± 0.00001 0.00011 ± 0.00009 0.00100 ± 0.00010
q 0.982 ± 0.002 0.775 ± 0.004 0.586 ± 0.003
r1∗ (mean) 0.1067 ± 0.0019 0.2306 ± 0.0010 0.3250 ± 0.0023
r2∗ (mean) 0.0898 ± 0.0018 0.1373 ± 0.0009 0.1316 ± 0.00107
L1 / (L1+L2) 0.568 ± 0.024 0.767 ± 0.010 0.943 ± 0.009
L2 /(L1+L2) 0.432 ± 0.020 0.233 ± 0.009 0.057 ± 0.009
l3 0.083 ± 0.015
Derived Quantities
M1 (M⊙) 1.197 ± 0.005 2.282 ± 0.048 1.457 ± 0.099
M2 (M⊙) 1.173 ± 0.004 1.748 ± 0.035 0.857 ± 0.037
R1 (R⊙) 1.734 ± 0.031 3.170 ± 0.025 2.247 ± 0.046
R2 (R⊙) 1.459 ± 0.029 1.887 ± 0.017 0.909 ± 0.021
logL1 (L⊙) 0.575 ± 0.032 1.570 ± 0.023 0.937 ± 0.056
logL2 (L⊙) 0.457 ± 0.072 1.034 ± 0.078 -0.257 ± 0.088
log g 1 (cgs) 4.038 ± 0.016 3.794 ± 0.005 3.898 ± 0.014
log g 2 (cgs) 4.179 ± 0.017 4.129 ± 0.007 4.453 ± 0.009
Mbolometric1 (mag) 3.313 ± 0.081 0.825 ± 0.057 2.408 ± 0.139
Mbolometric2 (mag) 3.608 ± 0.180 2.165 ± 0.195 5.394 ± 0.221
Distance (pc) 86 ± 4 472 ± 29 231 ± 17
*fractional radius, R/a.
2% for V2080Cyg and V372And. However, the accuracy of
these parameters reaches 4 − 6% for M and ∼2% for R in
CFLyn case. As CFLyn has an eccentric orbit, the error in
the determined parameters come higher comparing the other
systems. To decrease these error bars, new spectroscopic
data taken from whole orbital phases is necessary. When
the accuracy criteria given by Eker et al. (2018) is con-
sidered, the derived fundamental parameters of V2080Cyg
and V372And are very accurate (M and R uncertainties 6
3%) and these obtained parameters are accurate (M and R
uncertainties 3−6%) for CFLyn. The distances of systems
were calculated to be 472± 29, 231± 17, and 86± 4 pc for
c© 2019 RAS, MNRAS 000, 1–??
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Figure 6. Roche geometries of the detached systems at orbital
phase 0.75.
V372And, CFLyn, and V2080Cyg, respectively. These dis-
tance values were found to be consistent with the distance
values given by Gaia (Gaia Collaboration et al. 2018).
A synchronous rotation was assumed in the light curve
analysis. Therefore, the rotation period of the component
stars should be the same with the orbital period of binary
system. Using this approach and the derived radii of the
component stars, we can calculate the synchronous v sin i
parameters of components. The synchronous v sin i values
of the primary and the secondary components of CFLyn
were found to be 81 and 37 kms−1, respectively. As we
only obtained the good quality disentangled spectrum of
the primary component of CFLyn, only the v sin i value
of the primary component star was derived from the spec-
troscopic analysis. The synchronous and the spectroscopic
v sin i values of CFLyn are consistent with each other. For
the primary and secondary components of V372And, the
synchronous v sin i values were calculated as 55 and 36
kms−1. These values also agree with the spectroscopic v sin i
within the errors. The synchronous v sin i values of the pri-
mary and secondary components of V2080Cyg were also ob-
tained as 18 and 15 kms−1 , respectively. These values are
slightly different than the spectroscopic v sin i values. This
difference can be caused by the effect of the third compo-
nent.
In previous studies, it was indicated that an evolution
from detached to semi-detached binaries and also from semi-
detached to contact binaries exist (Ste¸pien´ & Gazeas 2012;
Yakut & Eggleton 2005, e.g.). Particularly, the detached
systems having the q value lower than average (the aver-
age q value is ∼0.9, Eker et al. 2014) are good candidates
to examine the evolution from detached to semi-detached
binaries. In our sample, the detached binary systems have
different q values. The q values are about 0.78, 0.98 and 0.59
for V372And, V2080Cyg and CFLyn, respectively. We cal-
culated the Roche lobe filling factor8 of each component star
to see how much they fill their Roche lobes. It turned out
that the primary and secondary components of V2080Cyg
have a filling factor of 37% and 32%, respectively. The fill-
8 Filling factor= (Ωinner - Ω) / (Ωouter - Ωinner)
ing factor value for the primary component of V372And
was found as 67% and for the secondary component, it was
obtained as 51%. Furthermore, we found that the primary
and secondary components of CFLyn fill their Roche lobes
in a ratio of 80% and 54%, respectively. The Roche geome-
tries of the detached binary systems are illustrated in Fig. 6.
For detached binary systems, it was shown that the com-
ponent stars having the filling factor value > 75% exhibit
non-spherical shapes (Eker et al. 2014). As demonstrated in
Fig. 6, CFLyn also shows a non-spherical shape.
5.2 Atmospheric parameters and chemical
composition
Using the disentangled spectra of component stars, we de-
rived their fundamental atmospheric parameters, v sin i val-
ues and the chemical compositions by applying the spectrum
synthesis method. The Teff values of components were de-
termined from Hβ and Fe lines. The obtained Teff value of
V2080Cyg is consistent with the assumed Teff used in previ-
ous light curve analysis (Ibanogˇlu et al. 2008). The log g val-
ues were also calculated using the derived parameters from
the light curve analysis and those values were found to be
consistent with the spectroscopic log g values within the er-
rors.
The element abundances were determined as well. The
Fe abundances of each component stars are given in Table 3.
As can be seen from the table, the components of CFLyn
and V372And have Fe abundance similar to solar (7.50 dex).
We found that the components of V2080Cyg show slightly
lower Fe abundance comparing to solar and they have similar
Fe abundance within the error bars which is expected in the
theory since the binary stars are assumed to form in the
same interstellar area. We also found that the secondary
component of V2080Cyg is slightly hotter than the primary
one.
5.3 Evolutionary models
The evolutionary models of the analysed detached binary
systems were computed by using the Modules for Ex-
periments in Stellar Astrophysics (MESA) evolution code
(Paxton et al. 2011, 2013). MESA includes a binary module
(Paxton et al. 2015) for simulating the binary orbital evolu-
tion and finding the initial parameters of binary systems.
We calculated many evolutionary models for different
starting parameters using the MESA. The metallicity (Z)
parameters was taken as 0.02 for examining the evolutionary
status of the components of CFLyn and V372And. Because
when the error bars in the Fe abundances of individual com-
ponents are taken into account (see, Table 3), except for the
components of V2080Cyg, the other components have Fe
abundance similar to solar. The components of V2080Cyg
have slightly lower Fe abundance. As binary stars are as-
sumed to form in the same environment, we determined the
same Z value of 0.017 for the components of V2080Cyg from
the best fit evolutionary model. Evolutionary models were
analysed by comparing the R and log g values of the com-
ponent stars. During the analysis, orbital period and eccen-
tricity (e) planes were investigated for CFLyn as it has an
eccentric orbit. Additionally, the obtained fundamental stel-
lar parameters of each component star were used as initial
c© 2019 RAS, MNRAS 000, 1–??
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Table 5. Results obtained from the best-fit evolutionary models.
Assumed parameters are illustrated by * symbol.
Parameter V2080Cyg V372And CFLyn
P initial (days) 5.17 (25) 3.20 (8) 3.40 (10)
v1initial (km s
−1) 24 (5) 175 (25) 112 (15)
v2initial (km s
−1) 22 (5) 37 (8) 10 (7)
einitial 0* 0* 0.53 (5)
Age (Gyr) 3.95 (20) 0.58 (4) 2.00 (20)
parameters in the analysis. As a result, the most probable
ages were determined and the orbital evolution scenarios
were produced for each system. The best-fit evolutionary
tracks and the position of each component star in the exam-
ined binary systems are shown in Fig. 7. The positions of the
stars in the Age−logR diagram are also illustrated in Fig. 8.
The result of evolutionary models of the binary systems is
given in Table 5.
For V2080Cyg, we obtained a younger age compar-
ing the age value given by Ibanogˇlu et al. (2008). Addition-
ally, in all calculated evolutionary models for V2080Cyg, we
found that the system should show a synchronous rotation.
However, the obtained spectroscopic v sin i values indicate
that the observed situation is different. This difference can
be caused by the effect of third body in the binary system
of V2080Cyg. When the obtained results for V372 And are
examined, it is clear that the primary component needs to
start its evolution with a very high initial v sin i values. For
CF Lyn system, it was found that the e should start at a
very high value like 0.53 in the beginning of the evolution
in order to be able to adhere to the present age of the sys-
tem. However, precise light curve observations are needed to
examine this situation more clearly.
The components of V2080Cyg and V372And also show
consistency with the models illustrated in the Age−logR
diagram. However, the secondary component of CFLyn
differs from the model, while primary star is consistent
with the model within the errors. The obtained radius
of the small mass component of CF Lyn is considerably
larger than the predicted values from the models. The
most likely explanation for this situation may be the re-
sult of the magnetic activity of the small mass component
(Torres, Vaz, & Sandberg Lacy 2008; Stassun et al. 2009).
In addition to the the magnetic activity, the other factor
can be the possibility of periodic mass transfer between the
components as a result of the evolution of the orbit which
started with a high degree of eccentricity. This may cause
the discrepancy in the surface abundance and the radius of
the low mass component.
6 CONCLUSIONS
In this study, a detailed examination of three double-lined
detached eclipsing binary systems is presented. We first car-
ried out a radial velocity and light curve analysis and derived
the accurate fundamental stellar parameters of the systems.
The Roche geometries and the filling factors were examined
using the derived stellar parameters. It turned out that the
primary component of CFLyn fills 80% of its Roche lobe and
it has a non-spherical shape. CFLyn can be a good candi-
Figure 7. Position of the primary and the secondary (smaller
symbols) component stars on the Hertzsprung-Russell diagram.
Dashed line represents the zero age main sequence (ZAMS). The
evolutionary tracks are showed by the solid black and gray lines
for the primary and secondary stars, respectively. The Z value is
0.02 for CFLyn and V372And, while it is 0.017 for V2080Cyg.
date system to investigate the evolution between detached
to semi-detached binaries.
The atmospheric parameters, v sin i, and the abun-
dances of each component star were determined by using
the disentangled spectra of the individual systems. As a re-
sult, we found a similar Teff values from the Hβ and Fe
lines analysis within the error bars. The spectroscopic log g
values were also found to be consistent with the log g val-
ues calculated from the stellar parameters. All component
stars have a moderate v sin i value which ranges from 21
to 82 km s−1. Additionally, the spectroscopic v sin i values
were found to agree with the synchronous v sin i value for
CFLyn and V372And. However, in the case of V2080Cyg,
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Figure 8. Position of the primary and the secondary (smaller
symbol) component stars in the Age−logR diagram. The tracks
are showed by the solid black and gray lines for the primary and
secondary (smaller symbols) stars, respectively. The Z value is
0.02 for CFLyn and V372And, while it is 0.017 for V2080Cyg.
they differ from each other. This difference can be explained
by the effect of the third component present in the system.
The chemical compositions of the components were de-
rived. The Fe abundance of CFLyn and V372And compo-
nent stars were obtained similar to solar within the errors.
However, we found that the components of V2080Cyg have
a lower Fe abundance (.0.45 dex) comparing to the solar
value.
The evolutionary status of component stars were ex-
amined with the binary evolutionary models and the ages of
the systems were determined. The components of V2080Cyg
fit well with Z=0.017 models within the error bars. In the
binary evolutionary models of V2080Cyg, we found that
the synchronous rotation should have happened before the
Figure 9. The position of the primary and the secondary (smaller
symbols) component stars in the the logL− logM diagram. Gray
circles represent the double-lined detached eclipsing binaries given
by Eker et al. (2014). The solid lines illustrate the relationships
between the L and M (Eker et al. 2014).
determined age. To explain this difference between the ob-
tained result and the model, it is necessary to determine
the properties of the third component and investigate the
orbital evolution with n-body simulations.
CF Lyn is an interesting target with an eccentric or-
bit. A possible explanation for the current eccentricity of
CF Lyn is may be the disruption of the orbital dynamics of
the binary system by the Kozai mechanism of an invisible
third body. It was also found that the dynamic and model
predicted radii of the secondary component of CFLyn differ
from each other. This situation can be explained by a pos-
sible magnetic activity of the star. For investigating such
situation, we need a long-term precise light curve and high-
resolution spectra with high S/N ratios.
In Fig. 9, the position of the examined detached eclips-
ing binaries is shown in the logL− logM diagram with
the given double-lined detached eclipsing binary systems by
Eker et al. (2014). The relationship between the L and M
of detached binaries was expressed in four different regions
taking into account the mass range (Eker et al. 2014). These
relationships are also demonstrated in Fig. 9. As can be seen
from the figure,V2080Cyg, CFLyn and V372And are con-
sistent with the given correlations.
We also examined whether the component stars exhibit
pulsation or not. By removing the binarity effect from the
light curves a frequency analysis was performed using the
Period04 (Lenz & Breger 2005). No significant result was
found. However, the light curves of the systems are not good
enough to find a pulsation variability. In near future, the sys-
tems will be observed by The Transiting Exoplanet Survey
c© 2019 RAS, MNRAS 000, 1–??
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Satellite (TESS) which will allow us to check the pulsation
variability of the stars and to improve the light curve anal-
ysis with its high quality photometric data.
To deeply understand the binaries, a combination of
the comprehensive spectroscopic and photometric studies
are necessary. In this study, we investigated three detached
eclipsing binary systems with different q values. The detailed
study of these systems will help us to understand different
phenomena in binaries and their evolution. Therefore, sim-
ilar analyses will improve our knowledge about the binary
evolution.
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Table A1. The vr measurements. The subscripts “1” and “2” represent the primary and the secondary component, respectively.
HJD V2080Cyg HJD V372And HJD CFLyn
(2450000+) (2450000+) (2450000+)
vr,1 vr,2 vr,1 vr,2 vr,1 vr,2
1405.3532 -78.4 (4) 85.8 (7) 1930.2801 72.9 (1.4) -90.0 (2.3) 1930.4271 90.7 (2.3) -150.8 (5.7)
1407.4062 77.7 (5) -77.0 (6) 1931.2977 -99.5 (2.7) 133.6 (3.4) 1931.3488 -11.1 (1.3)
1408.4292 51.0 (4) -48.7 (5) 1931.4540 -99.0 (3.0) 139.3 (2.2) 2297.5879 84.4 (1.7) -133.5 (16.4)
1743.4947 76.4 (4) -75.5 (6) 2299.3294 -76.9 (3.3) 103.3 (3.3) 2299.4022 -75.1 (2.4) 127.2 (11.6)
2042.5990 -26.4 (4) 32.2 (5) 2300.3614 100.9 (1.5) -126.1 (3.3) 2300.4644 47.6 (1.7)
2043.5271 60.0 (5) -56.1 (7) 2302.4076 -49.6 (2.5) 68.7 (2.7) 2302.4815 -62.2 (1.1) 109.3 (10.7)
2490.3749 -75.7 (4) 82.2 (6) 2303.3568 102.3 (2.7) -128.3 (3.3) 2303.4943 -58.0 (1.9) 101.0 (9.2)
2490.5689 -66.2 (1.6) 87.4 (2.1) 2303.6085 -86.0 (1.6) 145.0 (13.5)
2491.5618 103.7 (2.3) -128.5 (3.1)
Table A2. Abundances of individual elements of the component stars. Number of the analysed spectral parts is given in the brackets.
Elements V2080Cyg1 V2080Cyg2 V372And1 V372And2 CFLyn1
6C 9.31± 0.35 (1) 8.80± 0.35 (1) 8.72± 0.37 (2) 8.29± 0.45 (2)
11Na 7.49± 0.35 (1) 6.53± 0.40 (1)
12Mg 7.76± 0.35 (3) 7.88± 0.31 (2) 7.30± 0.37 (2) 7.22± 0.45 (2) 7.82± 0.38 (2)
14Si 7.12± 0.32 (5) 7.12± 0.30 (4) 7.04± 0.35 (7) 7.56± 0.46 (1) 6.30± 0.38 (2)
20Ca 6.33± 0.32 (5) 6.03± 0.31 (7) 5.93± 0.37 (2) 7.40± 0.45 (2) 6.29± 0.38 (2)
21Sc 3.25± 0.32 (4) 2.87± 0.32 (2) 2.75± 0.35 (4) 3.17± 0.36 (3)
22Ti 4.88± 0.32 (17) 5.05± 0.31 (17) 5.04± 0.30 (25) 5.57± 0.40 (8) 5.10± 0.30 (24)
23V 3.84± 0.30 (2) 4.41± 0.35 (3)
24Cr 5.68± 0.26 (14) 5.63± 0.30 (23) 6.01± 0.32 (24) 6.14± 0.38 (11) 5.75± 0.30 (17)
25Mn 5.20± 0.32 (3) 4.93± 0.33 (3) 6.28± 0.37 (2) 5.51± 0.45 (2) 5.52± 0.35 (9)
26Fe 7.30± 0.29 (71) 7.05± 0.25 (75) 7.43± 0.25 (48) 7.72± 0.33 (29) 7.44± 0.26 (56)
27Co 4.83± 0.35 (2) 4.79± 0.34 (4) 6.27± 0.33 (9) 6.39± 0.42 (3) 6.12± 0.38 (2)
28Ni 6.24± 0.32 (15) 6.06± 0.31 (15) 6.27± 0.33 (9) 6.39± 0.42 (3) 6.47± 0.30 (22)
29Cu 4.52± 0.38 (1) 4.16± 0.38 (2)
30Zn 4.45± 0.35 (1) 4.81± 0.35 (1)
38Sr
39Y 2.17± 0.34 (2) 2.07± 0.35 (2) 1.59± 0.37 (2) 1.99± 0.45 (1)
40Zr 2.84± 0.40 (1)
56Ba 1.69± 0.35 (1) 2.36± 0.35 (2) 2.48± 0.38 (1) 2.48± 0.45 (1)
Figure A1. Comparison of the theoretical (dashed line) and ob-
served spectra (continuous line) of primary component of CFLyn.
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